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tus for spectroscopic analysis of residue. The apparatus 
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dimension equal to or larger than a width of a first incident 
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APPARATUS AND METHOD FOR 
SPECTROSCOPIC ANALYSIS OF RESIDUE 

BACKGROUND 

Throughout various industries, such as aircraft manufac 
turing, residues and contamination on Surfaces of various 
materials often need to be analyzed. 
One available testing method for Surface analysis is 

Matrix Assisted Laser Desorption-Ionization ("MALDI) 
mass-spectrometry analysis, wherein a sample is ablated, 
ionized, and then subjected to electric or magnetic fields. 
Since the ionized sample is destroyed in the process, archi 
val of the sample and/or multiple measurements thereof are 
not possible. Furthermore, mass-spectrometry is bulky and 
expensive, which prevents on-site testing and, accordingly, 
increases the time and cost of material analysis. 

Alternatively, non-destructive photo spectroscopy may be 
used to analyze surface contamination on the material. Trace 
levels of residue must often be extracted from the surface 
and concentrated by evaporating an extraction solvent 
before spectroscopic analysis. However, there are no reliable 
means to evenly deposit the residue on a surface that is 
compatible with spectroscopic analysis in a reproducible 
manner. Furthermore, traditional methods of infrared spec 
troscopy are not conducive to archiving the sample for 
Subsequent measurements, since the sample is typically 
cleaned off of spectrometer window. 

SUMMARY 

Accordingly, apparatus and method, intended to address 
the above-identified concerns, would find utility. 
One example of the present disclosure relates to an 

apparatus for spectroscopic analysis of residue. The appa 
ratus includes a surface including a hydrophobic portion and 
a hydrophilic portion. The hydrophobic portion surrounds 
the hydrophilic portion. The hydrophilic portion includes a 
dimension equal to or larger than a width of a first incident 
non-destructive electromagnetic beam. 
One example of the present disclosure relates to a method 

for analyzing a sample located on a hydrophilic portion of a 
Surface. The method includes directing a first incident non 
destructive electromagnetic beam through the sample at a 
non-Zero incidence angle relative to the Surface; and ana 
lyzing a first reflected non-destructive electromagnetic beam 
reflected from the hydrophilic portion to obtain a first 
measurement associated with at least one property of the 
sample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Having thus described examples of the disclosure in 
general terms, reference will now be made to the accompa 
nying drawings, which are not necessarily drawn to scale, 
and wherein like reference characters designate the same or 
similar parts throughout the several views, and wherein: 

FIGS. 1A and 1B are a block diagram of an apparatus for 
spectroscopic analysis of residue, according to one aspect of 
the present disclosure; 

FIG. 2 is a schematic perspective view of a hydrophobic 
portion and a hydrophilic portion represented in FIGS. 1A 
and 1B, according to one aspect of the disclosure; 

FIG. 3 is a schematic plan view of the hydrophobic 
portion and the hydrophilic portion of FIG. 2, according to 
one aspect of the disclosure; 
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2 
FIG. 4 is a schematic sectional view of the hydrophobic 

portion and the hydrophilic portion of FIG. 3, according to 
one aspect of the disclosure; 

FIG. 5 is a schematic sectional view of the hydrophobic 
portion and the hydrophilic portion of FIG. 3, according to 
one aspect of the disclosure; 

FIG. 6 is a schematic plan view of an identifying feature 
associated with a hydrophilic portion represented in FIGS. 
1A and 1B, according to one aspect of the disclosure; 

FIG. 6A is a schematic plan view of an identifying feature 
associated with a hydrophilic portion represented in FIGS. 
1A and 1B, according to one aspect of the disclosure; 

FIG. 7 is a schematic plan view of an identifying feature 
associated with a hydrophilic portion represented in FIGS. 
1A and 1B, according to one aspect of the disclosure; 

FIG. 8 is a schematic view of means for generating a first 
incident non-destructive electromagnetic beam, means for 
detecting a first reflected non-destructive electromagnetic 
beam, and an optical guide of the apparatus of FIGS. 1A and 
1B, according to one aspect of the disclosure; 

FIG. 9 is a schematic view of the first incident non 
destructive electromagnetic beam and the first reflected 
non-destructive electromagnetic beam represented in FIG. 8, 
according to one aspect of the disclosure; 

FIG. 10 is a schematic plan view of a surface center 
alignment feature associated with a hydrophilic portion of a 
surface of the apparatus of FIGS. 1A and 1B, according to 
one aspect of the disclosure; 

FIG. 11 is a schematic plan view of a surface centering 
projection of the Surface center alignment feature repre 
sented in FIG. 10, according to one aspect of the disclosure; 

FIG. 12 is a schematic plan view of a surface centering 
depression of the Surface center alignment feature repre 
sented in FIG. 10, according to one aspect of the disclosure; 

FIG. 13 is a schematic plan view of a surface centering 
marking of the Surface center alignment feature represented 
in FIG. 10, according to one aspect of the disclosure; 

FIG. 14 is a schematic plan view of a surface directional 
alignment feature associated with a hydrophilic portion of a 
surface of the apparatus of FIGS. 1A and 1B, according to 
one aspect of the disclosure; 

FIG. 15 is a schematic plan view of a surface directional 
alignment feature associated with a hydrophilic portion of a 
surface of the apparatus of FIGS. 1A and 1B, according to 
one aspect of the disclosure; 

FIG. 16 is a schematic plan view of a surface directing 
projection of the Surface directional alignment feature rep 
resented in FIGS. 14 and 15, according to one aspect of the 
disclosure; 

FIG. 17 is a schematic plan view of a surface directing 
depression of the Surface directional alignment feature rep 
resented in FIGS. 14 and 15, according to one aspect of the 
disclosure; 

FIG. 18 is a schematic plan view of a surface directing 
color marking of the Surface directional alignment feature 
represented in FIGS. 14 and 15, according to one aspect of 
the disclosure; 

FIG. 19 is a schematic plan view of an interface center 
alignment feature of an interface Surface of an optical guide 
of the apparatus of FIGS. 1A and 1B, according to one 
aspect of the disclosure; 

FIG. 20 is a schematic plan view of an interface direc 
tional alignment feature of an interface Surface of an optical 
guide of the apparatus of FIGS. 1A and 1B, according to one 
aspect of the disclosure; 

FIG. 21 is a schematic side perspective view of an 
interface directing projection of an interface Surface of an 
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optical guide of the apparatus of FIGS. 1A and 1B, accord 
ing to one aspect of the disclosure; 

FIG. 22 is a schematic side perspective view of an 
interface directing depression of an interface Surface of an 
optical guide of the apparatus of FIGS. 1A and 1B, accord 
ing to one aspect of the disclosure; 

FIG. 23 is a schematic side perspective view of an 
interface directing color marking of an interface Surface of 
an optical guide of the apparatus of FIGS. 1A and 1B, 
according to one aspect of the disclosure; 

FIG. 24 is a schematic plan view of a plurality of 
hydrophilic portions of a surface of the apparatus of FIGS. 
1A and 1B, according to one aspect of the disclosure; 

FIG. 25 is a schematic plan view of a plurality of a 
plurality of identifying features, a plurality of Surface center 
alignment features, and a plurality of Surface directional 
alignment features associated with the hydrophilic portions 
represented in FIG. 24, according to one aspect of the 
disclosure; 

FIGS. 26A and 26B are a block diagram of a method for 
analyzing a sample located on the hydrophilic portion of the 
Surface of the apparatus, according to one aspect of the 
disclosure; 

FIG. 27 is a block diagram of aircraft production and 
service methodology; and 

FIG. 28 is a schematic illustration of an aircraft. 
In the block diagram(s) referred to above, solid lines, if 

any, connecting various elements and/or components may 
represent mechanical, electrical, fluid, optical, electromag 
netic and other couplings and/or combinations thereof. As 
used herein, "coupled' means associated directly as well as 
indirectly. For example, a member A may be directly asso 
ciated with a member B, or may be indirectly associated 
therewith, e.g., via another member C. Couplings other than 
those depicted in the block diagrams may also exist. Dashed 
lines, if any, connecting the various elements and/or com 
ponents represent couplings similar in function and purpose 
to those represented by Solid lines; however, couplings 
represented by the dashed lines may either be selectively 
provided or may relate to alternative or optional aspects of 
the disclosure. Likewise, elements and/or components, if 
any, represented with dashed lines, indicate alternative or 
optional aspects of the disclosure. Environmental elements, 
if any, are represented with dotted lines. 

In the block diagram(s) referred to above, the blocks may 
also represent operations and/or portions thereof. Lines 
connecting the various blocks do not imply any particular 
order or dependency of the operations or portions thereof. 

DETAILED DESCRIPTION 

In the following description, numerous specific details are 
set forth to provide a thorough understanding of the dis 
closed concepts, which may be practiced without some or all 
of these particulars. In other instances, details of known 
devices and/or processes have been omitted to avoid unnec 
essarily obscuring the disclosure. While some concepts will 
be described in conjunction with specific examples, it will be 
understood that these examples are not intended to be 
limiting. 

Reference herein to “one example' or “one aspect” means 
that one or more feature, structure, or characteristic 
described in connection with the example or aspect is 
included in at least one implementation. The phrase "one 
example' or "one aspect' in various places in the specifi 
cation may or may not be referring to the same example or 
aspect. 
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4 
Referring generally to FIGS. 1A, 1B and 2-14, and with 

particular reference to FIGS. 1A, 1B, 2 and 3, one example 
of the present disclosure relates to an apparatus 100 for 
spectroscopic analysis of residue 102. The apparatus 100 
includes a surface 104, including a hydrophobic portion 106 
and a hydrophilic portion 108. The hydrophobic portion 106 
surrounds the hydrophilic portion 108. The hydrophilic 
portion 108 includes a dimension 110 equal to or larger than 
a width 112 of a first incident non-destructive electromag 
netic beam 114. 
As used herein, spectroscopic analysis may include the 

measurement of an interaction between radiative energy 
(e.g., the first non-destructive electromagnetic beam 114) 
and specific types of matter (e.g., residue 102), for example, 
the measurement of radiation intensity of electromagnetic 
radiation as a function of wavelength. The term non-destruc 
tive electromagnetic beam may include any focused elec 
tromagnetic radiation that does not damage or destroy the 
matter interacted with by the electromagnetic radiation. 

Unless otherwise indicated, the terms “first,' 'second,” 
etc. are used herein merely as labels, and are not intended to 
impose ordinal, positional, or hierarchical requirements on 
the items to which these terms refer. Moreover, reference to, 
e.g., a 'second item does not require or preclude the 
existence of, e.g., a “first or lower-numbered item, and/or, 
e.g., a “third” or higher-numbered item. 

In one example implementation of the disclosed apparatus 
100, a sample 212 may be deposited on the hydrophilic 
portion 108 for spectroscopic analysis of the residue 102. 
The sample 212 may also be referred to as an analyte that is 
of interest in a spectroscopic analysis procedure, such as a 
method 500 for analyzing the sample 212 located on the 
hydrophilic portion 108 of the surface 104 as described 
herein below (e.g., FIG. 15). As one example, the sample 
212 may include a liquid solvent and the residue 102. As one 
example, the liquid solvent may be water. As one example, 
the liquid solvent may be an organic solvent including, but 
not limited to, acetonitrile, dimethylformamide, dimethyl 
Sulfoxide, methanol, ethanol, acetone, methylene chloride, 
methyl ethyl ketone, hexane, toluene, tetrahydrofuran and 
dichloromethane. As one example, the liquid solvent may be 
water and the organic solvent. 

Referring, e.g., to FIG. 2, as used herein, the width 112 of 
the first incident non-destructive electromagnetic beam 114 
may be defined as a cross-sectional dimension (e.g., a linear 
distance perpendicular to a centerline 239 of the first inci 
dent non-destructive electromagnetic beam 114 and between 
two opposed points disposed at an exterior boundary) of the 
first incident non-destructive electromagnetic beam 114 
proximate (e.g., at or near) the hydrophilic portion 108. As 
one example, the width 112 of the first incident non 
destructive electromagnetic beam 114 may be defined at a 
point of impact with the hydrophilic portion 108 and/or the 
residue 102. 
The first non-destructive electromagnetic beam 114 (e.g., 

electromagnetic radiation) may include various wave 
lengths. As one example, the first non-destructive electro 
magnetic beam 114 may include infrared light. As one 
example, the first non-destructive electromagnetic beam 114 
may include ultraviolet light. 

Referring, e.g., to FIG. 3, in example, the hydrophilic 
portion 108 includes a peripheral boundary 146 and a center 
148 circumscribed by the peripheral boundary 146. 
The peripheral boundary 146 of the hydrophilic portion 

108 may define any shape 242. As one example, the shape 
242 defined by the peripheral boundary 146 of the hydro 
philic portion 108 may be circular. As one example, the 
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shape 242 defined by the peripheral boundary 146 of the 
hydrophilic portion 108 may be ovular. As one example, the 
shape 242 defined by the peripheral boundary 146 of the 
hydrophilic portion 108 may be elliptical. As one example, 
the shape 242 defined by the peripheral boundary 146 of the 
hydrophilic portion 108 may be polygonal. 

The dimension 110 of the hydrophilic portion 108 may be 
defined as a linear distance between two opposed points on 
the peripheral boundary 146 of the hydrophilic portion 108. 
As one general, non-limiting example, the dimension 110 of 
the hydrophilic portion 108 may be defined as the smallest 
linear distance between two opposed points on the periph 
eral boundary 146 of the hydrophilic portion 108. As one 
specific, non-limiting example, the dimension 110 may be a 
diameter for a circular-shaped hydrophilic portion 108. As 
one specific, non-limiting example, the dimension 110 may 
be a minor diameter for an ovular-shaped or elliptical shaped 
hydrophilic portion 108. 

Referring, e.g., to FIG. 3, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the dimension 110 of the hydrophilic portion 108 is at least 
5 mm. 

Referring, e.g., to FIG. 3, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the dimension 110 of the hydrophilic portion 108 is at least 
7 mm. 

Referring, e.g., to FIGS. 2 and 3, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, the hydrophilic portion 108 is opti 
cally reflective. As used herein, optically reflective may 
include reflection characteristics that yield a reflectivity of 
between 80 percent and 100 percent of the first incident 
non-destructive electromagnetic beam 114 (e.g., FIG. 2). 

Referring, e.g., to FIG. 2, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the surface 104 is formed on a plate 116. As one example, 
the surface 104 may include a flat, optically smooth surface 
formed on the plate 116. 

Referring, e.g., to FIGS. 1A and 1B, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, the plate 116 includes a metallic body 
118. As one example, the metallic body 118 may be stainless 
steel. As one example, the metallic body 118 may be 
aluminum. 

Referring, e.g., to FIG. 1, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the plate 116 includes a plastic body 120 and a metal coating 
122 at least partially covering the plastic body 120. As one 
example, the plastic body 120 may be formed from any 
Suitable thermoset and/or thermoplastic materials. As one 
example, the metal coating 122 may be aluminum. As one 
example, the metal coating 122 may be nickel. As one 
example, the metal coating 122 may be chrome. 

Referring, e.g., to FIG. 4, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the hydrophobic portion 106 includes a substantially uni 
form coating 124 of a hydrophobic material 126. As one 
example, the hydrophobic portion 106 includes a substan 
tially continuous coating 124 of a hydrophobic material 126. 
As one example, the coating 124 of a hydrophobic material 
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6 
126 may be applied to (e.g., cover) at least a portion of a 
surface of the plate 116. As one example, the hydrophobic 
material may include, but is not limited to, long chain alkane 
hydrocarbons, such as, C8, C12, and C18. 
As one example, the uniform coating 124 of the hydro 

phobic material 126 is optically reflective. As one example, 
the uniform coating 124 of the hydrophilic material 126 is 
transparent and the plate 116 (e.g., the Surface of the plate 
116) is optically reflective. 

Referring, e.g., to FIG. 4, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the hydrophilic portion 108 includes a substantially uniform 
coating 128 of a hydrophilic material 130. As one example, 
the coating 128 of the hydrophilic material 130 may be 
applied to (e.g., cover) at least a portion of a Surface of the 
coating 124 of a hydrophobic material 126. As one example, 
the hydrophilic material 130 may include, but is not limited 
to, materials including molecules with polar functional 
groups, such as, cyano groups or carboxyl groups, or mul 
tiple hydroxyl groups, such as polysaccharide or glycol. 

Referring, e.g., to FIG. 5, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the hydrophobic portion 106 includes a hydrophobic sub 
strate 132. The hydrophilic portion 108 is defined by an 
absence of the hydrophobic substrate 132. As one example, 
the hydrophobic substrate 132 may be formed from the 
hydrophobic material 126. The hydrophobic substrate 132 
may be locally removed to expose the hydrophilic portion 
108 by any Suitable machining, etching and/or chemical 
process. 

Referring, e.g., to FIG. 5, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the hydrophobic substrate 132 is connected to the plate 116. 
The hydrophobic substrate 132 may be connected to the 
plate 116 by any Suitable operation and/or process. As one 
example, the hydrophobic substrate 132 may be chemically 
bonded to the plate 116 (e.g., to the surface of the plate 116). 
As one example, the hydrophobic substrate 132 may be 
adhered to the plate 116 (e.g., to the surface of the plate 116). 

In one example construction, the plate 116 may include a 
thickness 238. As one example, the thickness 238 of the 
plate 116 may be up to 0.3 mm. As one example, the 
thickness 238 of the plate 116 may be up to 0.5 mm. As one 
example, the thickness 238 of the plate 116 may be up to 1 
mm. As one example, the thickness 238 of the plate 116 may 
be greater than 1 mm. 

In one example construction, the hydrophobic substrate 
132 may include a thickness 240. As one example, the 
thickness 240 of the hydrophobic substrate 132 may be up 
to 10 nm. As one example, the thickness 240 of the hydro 
phobic substrate 132 may be up to 25 nm. As one example, 
the thickness 240 of the hydrophobic substrate 132 may be 
up to 50 nm. As one example, the thickness 240 of the 
hydrophobic substrate 132 may be greater than 50 nm. 
Those skilled in the art will recognize that the thickness 240 
may depend on the optical properties of the hydrophilic 
substrate 132 and/or the wavelength of the first non-destruc 
tive electromagnetic beam 114. 

Referring, e.g., to FIG. 5, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the hydrophilic portion 108 includes a portion 136 of the 
plate 116 characterized by an absence of the hydrophobic 
substrate 132. As one example, the hydrophilic portion 108 
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includes a portion of the surface 104 characterized by an 
absence of the hydrophobic substrate 132. As one example, 
the absence of the hydrophobic substrate 132 may be defined 
by removing at least a portion of the hydrophobic substrate 
132 from the plate 116 to expose the portion 136 of the plate 
116. The hydrophilic portion 108 may be defined by the 
portion 136 of the plate 116 not having the hydrophobic 
substrate 132 connected and/or applied to it. 

Referring, e.g., to FIG. 5, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
at least the portion 136 of the plate 116, characterized by the 
absence of the hydrophobic substrate 132, is optically reflec 
tive. 

Referring, e.g., to FIGS. 6 and 7, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, the Surface 104 includes an identify 
ing feature 138 associated with the hydrophilic portion 108. 
The identifying feature 138 may distinguish (e.g., visually 
distinguish) the hydrophilic portion 108 from the hydropho 
bic portion 106. In such a manner, the peripheral boundary 
146 and/or the center 148 of the hydrophilic portion 108 may 
be significantly easier to locate on the surface 104. As a 
result, the residue 102 (e.g., the sample 212) may be 
deposited on the hydrophilic portion 108 consistently. As 
one example, the residue 102 may be deposited proximate 
(e.g., at or near) the center 148 of the hydrophilic portion 
108. As one example, the residue 102 may be evenly applied 
to the hydrophilic portion 108 within the peripheral bound 
ary 146. As such, the time required to locate the hydrophilic 
portion 108 and to deposit the residue 102 on the hydrophilic 
portion 108 may be significantly reduced and the accuracy 
of depositing the residue 102 on the hydrophilic portion 108 
may be significantly increased. 
As one example, the identifying feature 138 may be 

etched into the surface 104. As one example, the identifying 
feature 138 may be machined into the surface 104. As one 
example, the identifying feature 138 may be printed onto the 
surface 104. 
As one example, the identifying feature 138 may be at 

least partially coextensive with the peripheral boundary 146 
of the hydrophilic portion 108. In such an example, the 
peripheral boundary 146 of the hydrophilic portion 108 may 
define the identifying feature 138. 
As one example, the identifying feature 138 may be 

spaced outward from the peripheral boundary 146 of the 
hydrophilic portion 108 relative to the center 148. In such an 
example, the identifying feature 138 may be near to, but not 
coextensive with, the peripheral boundary 146 of the hydro 
philic portion 108. 

Referring, e.g., to FIG. 6, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the identifying feature 138 is a visually identifiable bound 
ary 140 between the hydrophilic portion 108 and the hydro 
phobic portion 106. As one example, the hydrophobic por 
tion 106 may have a first visual characteristic and the 
hydrophilic portion 108 may have a second visual charac 
teristic, whereby the visually identifiable boundary 140 
corresponds to the peripheral boundary 146 of the hydro 
philic portion 108. The first visual characteristic and the 
second visual characteristic may be different. As one 
example, the first and second visual characteristics may be 
color (e.g., the hydrophobic portion 106 may have a first 
color and the hydrophilic portion 108 may have a second 
color, wherein the first and second colors are different). As 
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one example, the first and second visual characteristics may 
be glossiness (e.g., the hydrophobic portion 106 may be 
glossy and the hydrophilic portion 108 may flat or vice 
versa). 

Referring, e.g., to FIGS. 6A and 7, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, the visually identifiable boundary 140 
includes an identifying color marking 142. As one example, 
the identifying color marking 142 may include a shape 244. 
The shape 244 of the identifying color marking 142 may 
substantially match the shape 242 defined by the peripheral 
boundary 146 of the hydrophilic portion 108. As one 
example, the identifying color marking 142 may have a 
color that contrasts a color of the hydrophilic portion 108 
and/or a color of the hydrophobic portion 106. 

Referring, e.g., to FIG. 6A, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the identifying color marking 142 is continuous. As one 
example, the identifying color marking 142 may be a 
continuous line completely Surrounding the peripheral 
boundary 146 of the hydrophilic portion 108. 

Referring, e.g., to FIG. 7, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the identifying color marking 142 is discontinuous. As one 
example, the identifying color marking 142 may be a 
plurality of line segments at least partially surrounding the 
peripheral boundary 146 of the hydrophilic portion 108. As 
one example, the identifying color marking 142 may be a 
plurality of marks at least partially surrounding the periph 
eral boundary 146 of the hydrophilic portion 108. 

Referring, e.g., to FIG. 8, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the apparatus 100 includes means 184 for generating the first 
incident non-destructive electromagnetic beam 114, means 
186 for detecting a first reflected non-destructive electro 
magnetic beam 188, and an optical guide 190 selectively 
optically coupled with the means 184 and the means 186. 
The optical guide 190 is selectively positioned in contact 
with the surface 104 adjacent the hydrophilic portion 108. 
As used herein, means-plus-function clauses are to be 

interpreted under 35 U.S.C. 112(f), unless otherwise explic 
itly stated. It should be noted that examples provided herein 
of any structure, material, or act in Support of any of the 
means-plus-function clauses, and equivalents thereof, may 
be utilized individually or in combination. Thus, while 
various structures, materials, or acts may be described in 
connection with a means-plus-function clause, any combi 
nation thereof or of their equivalents is contemplated in 
Support of Such means-plus-function clause. 
The means 184 for generating the first incident non 

destructive electromagnetic beam 114 may be any device or 
mechanism (e.g., an emitter) configured to generate and 
transmit the first incident non-destructive electromagnetic 
beam 114 (e.g., an incident non-destructive electromagnetic 
beam source). As one example, the means 184 for generating 
the first incident non-destructive electromagnetic beam 114 
may include a hot filament (e.g., a 'glow bar') to generate 
mid-infrared light. As one example, the means 184 for 
generating the first incident non-destructive electromagnetic 
beam 114 may include a black-body radiator. As one 
example, the means 184 for generating the first incident 
non-destructive electromagnetic beam 114 may include a 
halogen bulb to generate near-infrared light. 
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The means 186 for detecting the first reflected non 
destructive electromagnetic beam 188 may be any device or 
mechanism (e.g., a detector) configured to receive and 
process (e.g., analyze) the first reflected non-destructive 
electromagnetic beam 188 (e.g., a reflected non-destructive 
electromagnetic beam detector). As one example, the means 
186 for detecting the first reflected non-destructive electro 
magnetic beam 188 may include an infrared sensitive mate 
rial, such as, Deuterated Tri-Glycine Sulfate (“DTGS) or 
cooled mercury cadmium telluride (“MCT). As one 
example, the means 186 for detecting the first reflected 
non-destructive electromagnetic beam 188 may sort the 
wavelengths in the first reflected non-destructive electro 
magnetic beam 188 using a grating. As one example, the 
means 186 for detecting the first reflected non-destructive 
electromagnetic beam 188 may sort the wavelengths in the 
first reflected non-destructive electromagnetic beam 188 by 
Fourier Transform processing of the first reflected non 
destructive electromagnetic beam 188 passing through an 
interferometer. 

In one example, the means 184 for generating the first 
incident non-destructive electromagnetic beam 114 and the 
means 186 for detecting the first reflected non-destructive 
electromagnetic beam 188 may be components of and/or 
incorporated into a single spectroscopic analyzer 246. As 
one example, the spectroscopic analyzer 246 may be a 
portable (e.g., handheld or desktop) spectroscopy tester. As 
one general, non-limiting example, the spectroscopic ana 
lyZer 246 (e.g., the means 184 for generating the first 
incident non-destructive electromagnetic beam 114 and/or 
the means 186 for detecting the first reflected non-destruc 
tive electromagnetic beam 188) may be an interferometer 
configured to analyze electromagnetic waves (e.g., light) 
containing features of absorption and/or emission associated 
with the residue 102. As one general, non-limiting example, 
the spectroscopic analyzer 246 may be a Fourier transform 
infrared (“FTIR) spectroscopic analyzer. As one specific, 
non-limiting example, the spectroscopic analyzer 246 may 
be an ExoScan FTIR spectrometer available from Agilent 
Technologies, Inc. of Santa Clara, Calif. 
As one example, the optical guide 190 may be detachable 

head connected to an exterior housing (e.g., a body) of the 
spectroscopic analyzer 246. As one general, non-limiting 
example, the optical guide 190 may be a specular reflectance 
head. As one specific, non-limiting example, the optical 
guide 190 may be a grazing angle specular reflectance head. 
The apparatus 100 may include a plurality of interchange 
able optical guides 190. 

Referring, e.g., to FIG. 8, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the optical guide 190 includes a housing 196 including an 
interface surface 198, and a lens 200 (e.g., an optical 
element) inside the housing 198. As one example, the 
housing 196 may form the exterior body of the optical guide 
190. The interface surface 198 may define an exterior 
surface of the housing 196 that is placed in contact with the 
surface 104. As one example, the optical guide 190 is 
positioned such that the interface surface 198 is in direct 
contact with the surface 104 with the lens 200 positioned 
over the hydrophilic portion 108. 

Referring, e.g., to FIG. 9, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the optical guide 190 selectively directs the first incident 
non-destructive electromagnetic beam 114 at the hydrophilic 
portion 108 at a non-zero incidence angle 192 and receives 
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the first reflected non-destructive electromagnetic beam 188 
at a non-zero reflective angle 194. 
As one example, the incidence angle 192 may be a 

non-Zero angle defined between the first incident non 
destructive electromagnetic beam 114 and the surface 104. 
As one example, the first incident non-destructive electro 
magnetic beam 114 may be disposed at a non-zero incidence 
grazing angle 250 with respect to a reference plane 248. The 
reference plane 248 may be perpendicular to the surface 104. 
As one example, the reflective angle 194 may be a 

non-zero angle defined between the first reflected non 
destructive electromagnetic beam 188 and the surface 104. 
As one example, the first reflected non-destructive electro 
magnetic beam 188 may be disposed at a non-zero reflective 
grazing angle 252 with respect to the reference plane 248. 
The lens 200 may be optically constructed or configured 

to direct (e.g., reflect) the first incident non-destructive 
electromagnetic beam 114 at the incidence angle 192 (or the 
incidence grazing angle 250) and the first reflected non 
destructive electromagnetic beam 188 and the reflective 
angle 194 (or the reflective grazing angle 252). 

Referring, e.g., to FIG. 9, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the incidence angle 192 and the reflective angle 194 are 
between 5 degrees and 20 degrees. As one example, the 
incidence angle 192 and the reflective angle 194 may be 
between 15 degrees and 90 degrees. As one example, the 
incidence angle 192 and the reflective angle 194 may be 
equal. 
As one example, the incidence grazing angle 250 and the 

reflective grazing angle 252 may be between 70 degrees and 
85 degrees. As one example, the incidence grazing angle 250 
and the reflective grazing angle 252 may be between 0 
degrees and 85 degrees. As one example, the incidence 
grazing angle 250 and the reflective grazing angle 252 may 
be equal. 

Referring, e.g., to FIG. 10 in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the surface 104 includes a surface center alignment feature 
144. The surface center alignment feature 144 may aid in the 
alignment of the first incident non-destructive electromag 
netic beam 114 (e.g., FIG. 8) with the center 148 of the 
hydrophilic portion 108. In such a manner, the first incident 
non-destructive electromagnetic beam 114 may consistently 
impinge (e.g., interact with) the residue 102 disposed proxi 
mate (e.g., at or near) the center 148 of hydrophilic portion 
108. As a result, with each spectroscopic analysis of the 
residue 102, Subsequent (e.g., spaced is time) incident 
non-destructive electromagnetic beams may impinge the 
residue 102 at substantially the same location with respect to 
the center 148 of the hydrophilic portion 108. 

Referring, e.g., to FIG. 10, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the hydrophilic portion 108 includes the peripheral boundary 
146 and the center 148 circumscribed by the peripheral 
boundary 146. The surface center alignment feature 144 is 
concentric with the center 148 of the hydrophilic portion 108 
and at least partially surrounds the peripheral boundary 146 
of the hydrophilic portion 108. 
The Surface center alignment feature 144 may define a 

shape 254. As one example, the shape 254 defined by the 
Surface center alignment feature 144 may substantially 
match the shape 242 defined by the peripheral boundary 146 
of the hydrophilic portion 108. 
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Referring, e.g., to FIGS. 10 and 19, the housing 196 of the 
optical guide 190 may define a shape 256 (e.g., FIG. 19). As 
one example, the shape 254 defined by the surface center 
alignment feature 144 (e.g., FIG. 10) may substantially 
match the shape 256 defined by the housing 196 of the 
optical guide 190 (e.g., FIG. 19). As one example, the shape 
256 defined by the housing 196 may define a shape of the 
peripheral edge 258 of the interface surface 198. 

Referring, e.g., to FIG. 10, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the Surface center alignment feature 144 is spaced away 
from the peripheral boundary 146 of the hydrophilic portion 
108. As one example, the surface center alignment feature 
144 may be spaced outward from the peripheral boundary 
146 of the hydrophilic portion 108 with respect to the center 
148 of the hydrophilic portion 108. 

Referring, e.g., to FIGS. 10 and 19, as one example, the 
Surface center alignment feature 144 may be spaced away 
from the peripheral boundary 146 of the hydrophilic portion 
108 (e.g., FIG. 10) a sufficient distance to allow the interface 
surface 198 of the housing 196 of the optical guide 190 (e.g., 
FIG. 19) to fit within the surface center alignment feature 
144. 

Referring, e.g., to FIGS. 10 and 19, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, the Surface 104 includes the Surface 
center alignment feature 144 (e.g., FIG. 10), and the inter 
face surface 198 (e.g., FIG. 19) of the optical guide 190 
includes an interface center alignment feature 202 corre 
sponding to the Surface center alignment feature 144. As one 
example, the interface center alignment feature 202 may be 
defined by a peripheral edge 258 of the interface surface 198 
of the housing 196 of the optical guide 190. 

Referring, e.g., to FIGS. 10 and 19, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, the hydrophilic portion 108 includes 
the peripheral boundary 146 and the center 148 circum 
scribed by the peripheral boundary 146 (e.g., FIG. 10). The 
Surface center alignment feature 144 is concentric with the 
center 148 of the hydrophilic portion 108 and at least 
partially surrounds the peripheral boundary 146 of the 
hydrophilic portion 108 (e.g., FIG. 10). The interface center 
alignment feature 202 (e.g., FIG. 19) of the optical guide 190 
is alignable with the Surface center alignment feature 144. 
As one example, the peripheral edge 258 (e.g., FIG. 19) of 
the interface surface 198 of the housing 196 of the optical 
guide 190 (e.g., the interface center alignment feature 202) 
is alignable with the Surface center alignment feature 144. 

Referring, e.g., to FIG. 11, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the Surface center alignment feature 144 includes at least one 
Surface centering projection 150. As one example, a single 
continuous Surface centering projection 150 may completely 
surround the peripheral boundary 146 of the hydrophilic 
portion 108. As one example, one or more surface centering 
projections 150 may at least partially surround the peripheral 
boundary 146 of the hydrophilic portion 108. As one 
example, the Surface centering projection 150 may form an 
interference protruding upwardly from the surface 104 
including, but not limited to, a ridge, a bump, a post or the 
like. As one example, the Surface centering projection 150 
may be machined or connected onto the surface 104. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
Referring, e.g., to FIGS. 11 and 19, the surface centering 

projection 150 may define a center alignment of the first 
incident non-destructive electromagnetic beam 114 (e.g., 
FIGS. 8 and 9) with the center 148 of the hydrophilic portion 
108 (e.g., FIG. 11). As one example, the surface centering 
projection 150 may visually indicate the center alignment by 
a contour change on the Surface 104 and the interface center 
alignment feature 202 (e.g., the peripheral edge 258) may be 
positioned with respect to the Surface centering projection 
150 to center align the first incident non-destructive elec 
tromagnetic beam 114. As one example, the Surface center 
ing projection 150 may physically indicate the center align 
ment by the contour change on the surface 104 and the 
interface center alignment feature 202 (e.g., the peripheral 
edge 258) may be positioned within the surface centering 
projection 150 and/or between the surface centering projec 
tions 150 to center align the first incident non-destructive 
electromagnetic beam 114. 

Referring, e.g., to FIG. 12, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the Surface center alignment feature 144 includes at least one 
Surface centering depression 152. As one example, a single 
continuous Surface centering depression 152 may com 
pletely surround the peripheral boundary 146 of the hydro 
philic portion 108. As one example, one or more surface 
centering depressions 152 may at least partially surround the 
peripheral boundary 146 of the hydrophilic portion 108. As 
one example, the Surface centering depression 152 may be 
an interference formed within the surface 104, including, but 
not limited to, a through hole, an aperture, a recess, a dimple 
or the like. As one example, the surface centering depression 
152 may be machined or etched into the surface 104. 

Referring, e.g., to FIGS. 12 and 19, the surface centering 
depression 152 may define the center alignment of the first 
incident non-destructive electromagnetic beam 114 (e.g., 
FIGS. 8 and 9) with the center 148 of the hydrophilic portion 
108 (e.g., FIG. 12). As one example, the surface centering 
depression 152 may visually indicate the center alignment 
by a contour change on the surface 104 and the interface 
center alignment feature 202 (e.g., the peripheral edge 258) 
may be positioned with respect to the Surface centering 
projection 152 to center align the first incident non-destruc 
tive electromagnetic beam 114. As one example, the Surface 
centering depression 152 may physically indicate center 
alignment by the contour change on the Surface 104. The 
Surface centering depression 152 may form a recess in the 
surface 104 completely surrounding the peripheral boundary 
146 of the hydrophilic portion 108 (e.g., FIG. 12). The 
interface surface 198 of the housing 196 of the optical guide 
190 (e.g., FIG. 19) may be positioned within the surface 
centering depression 152 (e.g., the recess) to center align the 
first incident non-destructive electromagnetic beam 114. 

Referring, e.g., to FIG. 13, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the Surface center alignment feature 144 includes at least one 
Surface centering color marking 154. As one example, a 
single continuous Surface centering color marking 154 may 
completely surround the peripheral boundary 146 of the 
hydrophilic portion 108. As one example, one or more 
Surface centering color markings 154 may at least partially 
surround the peripheral boundary 146 of the hydrophilic 
portion 108. As one example, the Surface centering color 
markings 154 may form a visually identifiable mark on the 
Surface 104, including, but not limited to, a continuous 
elongated line, a discontinuous line (e.g., a plurality of line 
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segments), a short line or the like. As one example, the 
Surface centering color markings 154 may be printed on the 
surface 104. 

Referring, e.g., to FIGS. 13 and 19, the surface centering 
color marking 154 may define the center alignment of the 
first incident non-destructive electromagnetic beam 114 
(e.g., FIGS. 8 and 9) with the center 148 of the hydrophilic 
portion 108 (e.g., FIG. 13). As one example, the surface 
centering color marking 154 may visually indicate the center 
alignment by a color change on the Surface 104 and the 
interface center alignment feature 202 (e.g., the peripheral 
edge 258) may be positioned with respect to (e.g., within 
and/or between) the surface centering color markings 154 to 
center align the first incident non-destructive electromag 
netic beam 114. 

Referring, e.g., to FIGS. 14 and 15, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, the Surface 104 includes a Surface 
directional alignment feature 156. The surface directional 
alignment feature 156 may aid in directional alignment of 
the first incident non-destructive electromagnetic beam 114 
(e.g., FIGS. 8 and 9) with respect to the hydrophilic portion 
108, for example, with respect to any particular location or 
point on the peripheral boundary 146 of the hydrophilic 
portion 108. In such a manner, the first incident non 
destructive electromagnetic beam 114 may consistently 
impinge (e.g., interact with) the residue 102 at a predefined 
directional orientation. As a result, with each spectroscopic 
analysis of the residue 102, Subsequent (e.g., spaced is time) 
incident non-destructive electromagnetic beams may 
impinge the residue 102 at substantially the same directional 
orientations. 
As used herein, directional orientation may be an angular 

direction of the first incident non-destructive electromag 
netic beam 114 with respect the hydrophilic portion 108, for 
example, the peripheral boundary 146 of the hydrophilic 
portion 108. As one example, a first directional orientation 
224 is directed toward the center 148 of the hydrophilic 
portion 108 and is defined with respect to a reference point 
262 on the reference circle 260. As one example, and as 
illustrated in FIGS. 14 and 15, the first directional orienta 
tion 224 is disposed at an angular direction of approximately 
45 degrees with respect to the reference point 262 of the 
reference circle 260. 

Referring, e.g., to FIG. 14, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the surface directional alignment feature 156 is at least 
partially coextensive with the Surface center alignment fea 
ture 144. As one example, one or more of the Surface center 
alignment features 144 (e.g., the Surface centering projection 
150 or the surface centering depression 152) may function as 
one or more surface directional alignment features 156. 

Referring, e.g., to FIG. 15, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the hydrophilic portion 108 includes the center 148, and the 
surface directional alignment feature 156 is outward of the 
surface center alignment feature 144 relative to the center 
148 of the hydrophilic portion 108. 

Referring, e.g., to FIGS. 15 and 20, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, the Surface 104 includes the Surface 
directional alignment feature 156 (e.g., FIG. 15), and the 
interface surface 198 (e.g., FIG. 20) of the optical guide 190 
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includes an interface directional alignment feature 204 cor 
responding to the surface directional alignment feature 156. 

Referring, e.g., to FIG. 16, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the surface directional alignment feature 156 includes at 
least one surface directing projection 158. 

Referring, e.g., to FIG. 16, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the surface directional alignment feature 156 includes a 
plurality 160 of surface directing projections (as an example, 
two surface directing projections 158 are illustrated). Cor 
responding dimensions 162 of at least one Surface directing 
projection 158 of the plurality 160 of surface directing 
projections and at least one other Surface directing projec 
tion 158 of the plurality of surface directing projections are 
different. In this example, the Surface directing projections 
158 having different corresponding dimensions 162 may 
also serve as the Surface center alignment feature 144. 

Referring e.g., to FIG. 16, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the surface directional alignment feature 156 includes the 
plurality 160 of Surface directing projections. Corresponding 
dimensions 162 of all surface directing projections 158 of 
the plurality 160 of surface directing projections are differ 
ent. 

As one example, the Surface directing projections 158 
may be an interference projecting upwardly from the Surface 
104 including, but not limited to, a ridge, a bump, a post or 
the like. As one example, the surface directing projection 
158 may be machined or connected onto the surface 104. As 
one example, the dimensions 162 of each surface directing 
projection 158 may be defined as a cross-sectional dimen 
sion of the surface directing projection 158. 

Referring, e.g., to FIG. 17, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the surface directional alignment feature 156 includes at 
least one surface directing depression 164. 

Referring, e.g., to FIG. 17, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the surface directional alignment feature 156 includes a 
plurality 166 of Surface directing depressions (as an 
example, two surface directing depressions 164 are illus 
trated). Corresponding dimensions 168 of at least one Sur 
face directing depression 164 of the plurality 166 of surface 
directing depressions and at least one other Surface directing 
depression 164 of the plurality 166 of surface directing 
depressions are different. In one example, the Surface direct 
ing depressions 164 having different corresponding dimen 
sions 168 may also serve as the Surface center alignment 
feature 144. 

Referring, e.g., to FIG. 17, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the surface directional alignment feature 156 includes the 
plurality 166 of surface directing depressions. Correspond 
ing dimensions 168 of all surface directing depressions 164 
of the plurality 166 of surface directing depressions are 
different. 
As one example, the Surface directing depression 164 may 

be an interference formed into the surface 104 including, but 
not limited to, a slot, a through hole, an aperture, a dimple 
or the like. As one example, the Surface directing depression 
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164 may be machined or etched onto the surface 104. As one 
example, the dimensions 168 of each Surface directing 
depression 164 may be defined as a cross-sectional dimen 
sion of the Surface directing depression 164. 

Referring, e.g., to FIG. 18, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the surface directional alignment feature 156 includes at 
least one surface directing color marking 170. 

Referring, e.g., to FIG. 18, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the surface directional alignment feature 156 includes a 
plurality 172 of Surface directing color markings (as an 
example, two Surface directing color markings 170 are 
illustrated). At least one surface directing color marking 170 
of the plurality 172 of surface directing color markings is 
different than at least one other surface directing color 
marking 170 of the plurality 172 of surface directing color 
markings. In one example, different Surface directing color 
markings 170 may also serve as the Surface center alignment 
feature 144. 

Referring, e.g., to FIG. 18, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the surface directional alignment feature 156 includes the 
plurality 172 of surface directing color markings. All surface 
directing color markings 170 of the plurality 172 of surface 
directing color markings are different. 
As one example, the Surface directing color marking 170 

may form a visually identifiable mark on the surface 104, 
including, but not limited to, a continuous elongated line, a 
discontinuous line (e.g., a plurality of line segments), a short 
line, an alphabetic character, numeric character, a symbol, a 
shape or the like. As one example, the Surface directing color 
markings 170 may be printed on the surface 104. 

Referring, e.g., to FIGS. 16-18 and 21-23, in one aspect 
of the disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, the Surface directional alignment 
feature 156 includes at least one of: at least one surface 
directing projection 158 (e.g., FIG. 16); at least one surface 
directing depression 164 (e.g., FIG. 17); or at least one 
surface directing color marking 170 (e.g., FIG. 18). The 
interface directional alignment feature 204 of the optical 
guide 190 includes at least one of: at least one interface 
directing projection 206 (e.g., FIG. 21; as an example, two 
interface directing projections 206 are illustrated), alignable 
with the at least one Surface directing depression 164; at 
least one interface directing depression 208 (e.g., FIG.22; as 
an example, two interface directing depressions 208 are 
illustrated), alignable with the at least one Surface directing 
projection 158; or at least one interface directing color 
marking 210 (e.g., FIG. 23; as an example, two interface 
directing color markings 210 are illustrated), alignable with 
the at least one surface directing color marking 170. 

Referring, e.g., to FIGS. 17 and 21, as one example, the 
interface directional alignment feature 204 includes a plu 
rality of interface directing projections 230 (e.g., FIG. 21) 
selectively alignable with the plurality of surface directing 
depressions 166 (e.g., FIG. 17). In one example implemen 
tation of the present disclosure, at least one interface direct 
ing projection 206 may correspond to at least one surface 
directing depression 164. As one example, the dimension 
228 (e.g., FIG. 21) of at least one interface directing pro 
jection 206 may be suitably sized to mate with the dimension 
168 (e.g., FIG. 17) of at least one surface directing depres 
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16 
sion 164. As one example, the dimensions 228 of each 
interface directing projection 206 may be defined as a 
cross-sectional dimension of the interface directing projec 
tion 206. 

In one example, corresponding dimensions 228 of at least 
one interface directing projection 206 of the plurality of 
interface directing projections 230 and at least one other 
interface directing projection 206 of the plurality of interface 
directing projections 230 are different. In one example, 
corresponding dimensions 228 of all interface directing 
projections 206 of the plurality of interface directing pro 
jections 230 are different. As a result, the optical guide 190 
(e.g., FIG. 21) may be repeatably positioned with respect to 
the surface 104 and/or the hydrophilic portion 108 (e.g., 
FIG. 17) such that the first incident non-destructive electro 
magnetic beam 114 (e.g., FIGS. 8 and 9) is consistently 
directed at the first directional orientation 224 (FIG. 17). 

Referring to FIGS. 16 and 22, as one example, the 
interface directional alignment feature 204 includes a plu 
rality of interface directing depressions 232 (e.g., FIG. 22) 
selectively alignable with the plurality of surface directing 
projections 160 (e.g., FIG. 16). In one example implemen 
tation of the present disclosure, at least one interface direct 
ing depression 208 may correspond to at least one surface 
directing projection 158. As one example, the dimension 236 
(e.g., FIG. 22) of at least one interface directing depression 
208 may be suitably sized to mate with the dimension 162 
(e.g., FIG. 16) of at least one Surface directing projection 
158. As one example, the dimensions 236 of each interface 
directing depression 208 may be defined as a cross-sectional 
dimension of the interface directing depression 208. 

In one example, corresponding dimensions 236 of at least 
one interface directing depression 208 of the plurality of 
interface directing depressions 232 and at least one other 
interface directing depression 208 of the plurality of inter 
face directing depressions 232 are different. In one example, 
corresponding dimensions 236 of all interface directing 
projections 208 of the plurality of surface directing projec 
tions 232 are different. As a result, the optical guide 190 may 
be repeatably positioned with respect to the surface 104 
and/or the hydrophilic portion 108 such that the first incident 
non-destructive electromagnetic beam 114 (e.g., FIGS. 8 and 
9) is consistently directed at the first directional orientation 
224. 

Referring to FIGS. 18 and 23, as one example, the 
interface directional alignment feature 204 includes a plu 
rality of interface directing color markings 234 selectively 
alignable with the plurality of Surface directing color mark 
ings 172. In one example implementation of the present 
disclosure, at least one interface directing color marking 210 
may correspond to at least one surface directing color 
marking 170. As one example, at least one interface direct 
ing depression 208 may match at least one surface directing 
color marking 170 (e.g., having the same shape, the same 
color, the same size or the like). Each directing color 
marking 210 of the plurality of surface directing color 
markings 234 may extend beyond the peripheral edge 258 of 
the interface Surface, for example, the directing color mark 
ing 210 may extend from the peripheral edge 258 onto the 
housing 196 of the optical guide 190. 

In one example, at least one interface directing color 
marking 210 of the plurality of surface directing color 
markings 234 is different than at least one other interface 
directing color marking 210 of the plurality of surface 
directing color markings 234. In one example, all interface 
directing color markings 210 of the plurality of interface 
directing color markings 234 are different. As a result, the 



US 9,594,027 B2 
17 

optical guide 190 may be repeatably positioned with respect 
to the surface 104 and/or the hydrophilic portion 108 such 
that the first incident non-destructive electromagnetic beam 
114 (e.g., FIGS. 8 and 9) is consistently directed at the first 
directional orientation 224. 

Referring, e.g., to FIG. 24, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the surface 104 includes additional hydrophilic portions 174. 
The hydrophilic portion 108 and the additional hydrophilic 
portions 174 form an arrangement 176 of hydrophilic por 
tions. 

Referring, e.g., to FIG. 24, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the hydrophilic portions (i.e., the hydrophilic portion 108 
and the additional hydrophilic portions 174) of the arrange 
ment 176 of hydrophilic portions are evenly spaced away 
from each other. 

Referring, e.g., to FIG. 25, in one aspect of the disclosure, 
which may include at least a portion of the subject matter of 
any of the preceding and/or following examples and aspects, 
the surface 104 includes at least one of: a plurality 178 of 
identifying features; a plurality 180 of surface center align 
ment features; or a plurality 182 of surface directional 
alignment features. Each of the hydrophilic portions (i.e., the 
hydrophilic portion 108 and the additional hydrophilic por 
tions 174) is associated with at least one of the identifying 
feature 138 of the plurality 178 of identifying features; the 
surface center alignment feature 144 of the plurality 180 of 
Surface center alignment features; or the Surface directional 
alignment feature 156 of the plurality 182 of surface direc 
tional alignment features. 
As one example, the hydrophilic portion 108 and each of 

the additional hydrophilic portions 174 is associated with a 
corresponding identifying feature 138 of the plurality 178 of 
identifying features. As one example, the hydrophilic por 
tion 108 and each of the additional hydrophilic portions 174 
is associated with a corresponding Surface center alignment 
feature 144 of the plurality 180 of surface center alignment 
features. As one example, the hydrophilic portion 108 and 
each of the additional hydrophilic portions 174 is associated 
with a corresponding Surface directional alignment feature 
156 of the plurality 182 of surface directional alignment 
features. 

Referring generally to FIGS. 1-25 and particularly to 
FIGS. 26A and 26B, one example of the present disclosure 
relates to a method 500 for analyzing the sample 212 located 
on the hydrophilic portion 108 of the surface 104. The 
method 500 includes directing the first incident non-destruc 
tive electromagnetic beam 114 through the sample 212 at the 
non-zero incidence angle 192 relative to the surface 104 
(block 502) and analyzing the first reflected non-destructive 
electromagnetic beam 188 reflected from the hydrophilic 
portion 108 to obtain a first measurement 214 associated 
with at least one property 216 of the sample 212 (block 504). 

Referring, e.g., to FIGS. 1A, 1B and 2, as one example, 
and as described herein above, the sample 212 may include 
a liquid solvent and the residue 102. The sample 212 may be 
deposited on the hydrophilic portion 108 as a liquid droplet. 
The hydrophilic portion 108, or the pattern of the arrange 
ment of hydrophilic portions 176, may cause the liquid 
droplet of the sample 212 to center upon the hydrophilic 
portion 108 and avoid the surrounding hydrophobic portion 
106. 
The first measurement 214 associated with at least one 

property 216 of the sample 212 may include detailed chemi 
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18 
cal information about the identity of the residue 102. As one 
example, the at least one property 216 of the sample 212 
(e.g., the residue 102) may include, but is not limited to, a 
component in the analyte, the composition of the analyte, 
and a concentration of the analyte. 

Referring, e.g., to FIGS. 26A and 26B, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, the method 500 includes aligning the 
first incident non-destructive electromagnetic beam 114 with 
the center 148 of the hydrophilic portion 108 (block 506). 

Referring, e.g., to FIGS. 26A and 26B, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, aligning the first incident non-de 
structive electromagnetic beam 114 with the center 148 of 
the hydrophilic portion 108 (block 506) includes aligning 
the interface center alignment feature 202 of the interface 
surface 198 of the optical guide 190 and the surface center 
alignment feature 144 of the surface 104 (block 508). 

Referring, e.g., to FIGS. 26A and 26B, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, the method 500 includes directionally 
aligning the first incident non-destructive electromagnetic 
beam 114 with the hydrophilic portion 108 (block 510). 

Referring, e.g., to FIGS. 26A and 26B, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, directionally aligning the first inci 
dent non-destructive electromagnetic beam 114 with the 
hydrophilic portion 108 (block 510) includes aligning the 
interface directional alignment feature 204 of the interface 
surface 198 of the optical guide 190 and the surface direc 
tional alignment feature 156 of the surface 104 (block 512). 

In one example, directionally aligning the first incident 
non-destructive electromagnetic beam 114 with the hydro 
philic portion 108 (block 510) includes aligning the interface 
directional alignment feature 204 of the interface surface 
198 of the optical guide 190 and the surface directional 
alignment feature 156 of the surface 104 in a first directional 
orientation 224 (block 514). 

Referring, e.g., to FIGS. 26A and 26B, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, the method 500 includes passing the 
first incident non-destructive electromagnetic beam 114 
through the sample 212 (block 516) and passing the first 
reflected non-destructive electromagnetic beam 188 through 
the sample 212 (block 518). 

Referring, e.g., to FIGS. 26A and 26B, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, the method 500 includes directing a 
second incident non-destructive electromagnetic beam 218 
through the sample 212 at the non-zero incidence angle 192 
(block 520), analyzing a second reflected non-destructive 
electromagnetic beam 220 reflected from the hydrophilic 
portion 108 to obtain a second measurement 222 associated 
with at least one property 216 of the sample 212 (block 522), 
and averaging the first measurement 214 and the second 
measurement 222 (block 524). 

Referring, e.g., to FIGS. 26A and 26B, in one aspect of the 
disclosure, which may include at least a portion of the 
Subject matter of any of the preceding and/or following 
examples and aspects, the method 500 includes aligning the 
first incident non-destructive electromagnetic beam 114 with 
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the center 148 of the hydrophilic portion 108 (block 506); 
directionally aligning the first incident non-destructive elec 
tromagnetic beam 114 with the hydrophilic portion 108 at 
the first directional orientation (blocks 510 and 514); align 
ing the second incident non-destructive electromagnetic 
beam 218 with the center 148 of the hydrophilic portion 108 
(block 526), and directionally aligning the second incident 
non-destructive electromagnetic beam 218 with the hydro 
philic portion 108 at a second directional orientation 226 
(block 528). 

Accordingly, the disclosed apparatus 100 and method 500 
may improve non-destructive analysis of materials and 
chemicals, for example, by improving the sensitivity of 
spectro-photometric analysis and allowing for easier han 
dling of samples. Advantageously, the disclosed apparatus 
100 and method 500 may allow for: (1) archiving spectro 
scopic analysis data (e.g., saving and archiving the physical 
residue 102 disposed on the hydrophilic portion 108 of the 
surface 104 of the plate 106), (2) performing multiple 
spectroscopic analysis of a single sample 212 (e.g., residue 
102 disposed on the hydrophilic portion 108 of the surface 
104 of the plate 106) at a consistent and predetermined 
directional orientation 224, such that the results of multiple 
spectroscopic analysis can be averaged, and (3) reducing the 
cost of multiple spectroscopic analysis by reusing the plates 
106, if the residue 102 can be washed off without damaging 
or destroying the residue 102 and/or the hydrophilic portion 
108, when the plate 116 is used in conjunction with non 
destructive electromagnetic light (e.g., the first incident 
non-destructive electromagnetic beam 114). 
The disclosure and drawing figure(s) describing the 

operations of the method(s) set forth herein should not be 
interpreted as necessarily determining a sequence in which 
the operations are to be performed. Rather, although one 
illustrative order is indicated, it is to be understood that the 
sequence of the operations may be modified when appro 
priate. Accordingly, certain operations may be performed in 
a different order or simultaneously. Additionally, in some 
aspects of the disclosure, not all operations described herein 
need be performed. 

Examples of the disclosure may be described in the 
context of an aircraft manufacturing and service method 
1100, as shown in FIG. 27, and an aircraft 1102, as shown 
in FIG. 28. During pre-production, illustrative method 1100 
may include specification and design 1104 of the aircraft 
1102 and material procurement 1106. During production, 
component and Subassembly manufacturing 1108 and sys 
tem integration 1110 of the aircraft 1102 take place. There 
after, the aircraft 1102 may go through certification and 
delivery 1112 to be placed in service 1114. While in service 
by a customer, the aircraft 1102 is scheduled for routine 
maintenance and service 1116 (which may also include 
modification, reconfiguration, refurbishment, and so on). 

Each of the processes of the illustrative method 1100 may 
be performed or carried out by a system integrator, a third 
party, and/or an operator (e.g., a customer). For the purposes 
of this description, a system integrator may include, without 
limitation, any number of aircraft manufacturers and major 
system Subcontractors; a third party may include, without 
limitation, any number of vendors, Subcontractors, and 
Suppliers; and an operator may be an airline, leasing com 
pany, military entity, service organization, and so on. 
As shown in FIG. 28, the aircraft 1102 produced by the 

illustrative method 100 may include an airframe 1118 with 
a plurality of high-level systems 1120 and an interior 1122. 
Examples of high-level systems 1120 include one or more of 
a propulsion system 1124, an electrical system 1126, a 
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hydraulic system 1128, and an environmental system 1130. 
Any number of other systems may be included. Although an 
aerospace example is shown, the principles of the invention 
may be applied to other industries, such as the automotive 
industry. 

Apparatus and methods shown or described herein may be 
employed during any one or more of the stages of the 
manufacturing and service method 1100. For example, com 
ponents or Subassemblies corresponding to component and 
subassembly manufacturing 1108 may be fabricated or 
manufactured in a manner similar to components or Subas 
semblies produced while the aircraft 1102 is in service. Also, 
one or more aspects of the apparatus, method, or combina 
tion thereof may be utilized during the production states 
1108 and 1110, for example, by substantially expediting 
assembly of or reducing the cost of an aircraft 1102. Simi 
larly, one or more aspects of the apparatus or method 
realizations, or a combination thereof, may be utilized, for 
example and without limitation, while the aircraft 1102 is in 
service, e.g., maintenance and service 1116. 

Different examples and aspects of the apparatus and 
methods are disclosed herein that include a variety of 
components, features, and functionality. It should be under 
stood that the various examples and aspects of the apparatus 
and methods disclosed herein may include any of the 
components, features, and functionality of any of the other 
examples and aspects of the apparatus and methods dis 
closed herein in any combination, and all of Such possibili 
ties are intended to be within the spirit and scope of the 
present disclosure. 
Many modifications and other examples of the disclosure 

set forth herein will come to mind to one skilled in the art 
to which the disclosure pertains having the benefit of the 
teachings presented in the foregoing descriptions and the 
associated drawings. 

Therefore, it is to be understood that the disclosure is not 
to be limited to the specific embodiments disclosed and that 
modifications and other embodiments are intended to be 
included within the scope of the appended claims. Moreover, 
although the foregoing descriptions and the associated draw 
ings describe example embodiments in the context of certain 
illustrative combinations of elements and/or functions, it 
should be appreciated that different combinations of ele 
ments and/or functions may be provided by alternative 
implementations without departing from the scope of the 
appended claims. 

What is claimed is: 
1. An apparatus (100) for spectroscopic analysis of a 

sample (212) formed from a liquid solvent and a residue 
(102), the apparatus (100) comprising: 
means (184) for generating an incident non-destructive 

electromagnetic beam (114), wherein the incident non 
destructive electromagnetic beam (114) comprises a 
width (112); 

a plate (116); 
a hydrophilic material (130), coupled to the plate (116); 

and 
a hydrophobic substrate (132), coupled to the hydrophilic 

material (130); and wherein: 
the hydrophilic material (130) and the hydrophobic 

substrate (132) define a surface (104), 
the surface (104) comprises a hydrophobic portion 

(106) and a hydrophilic portion (108), 
the hydrophobic portion (106) of the surface (104) is 

defined by an absence of the hydrophilic material 
(130), 
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the hydrophilic portion (108) of the surface (104) is 
defined by an absence of the hydrophobic substrate 
(132) and has a center (148), 

the hydrophilic portion (108) of the surface (104) is 
optically reflective, 

the hydrophobic portion (106) of the surface (104) 
surrounds the hydrophilic portion (108) of the sur 
face (104), and 

the hydrophilic portion (108) of the surface (104) 
comprises a dimension (110), in plan view, equal to 
or larger than the width (112) of the incident non 
destructive electromagnetic beam (114) directed at 
the hydrophilic portion (108) of the surface (104), 
passing through the sample (212) deposited on the 
hydrophilic portion (108) of the surface (104), and 
optically reflected from the hydrophilic portion (108) 
of the surface (104). 

2. The apparatus (100) of claim 1, wherein the plate (116) 
comprises a metallic body (118). 

3. The apparatus (100) of claim 1, wherein the plate (116) 
comprises a plastic body (120) and a metal coating (122) at 
least partially covering the plastic body (120). 

4. The apparatus (100) of claim 1, wherein the surface 
(104) further comprises an identifying feature (138) associ 
ated with the hydrophilic portion (108). 

5. The apparatus (100) of claim 4, wherein the identifying 
feature (138) is a visually identifiable boundary (140) 
between the hydrophilic portion (108) and the hydrophobic 
portion (106). 

6. The apparatus (100) of claim 5, wherein the visually 
identifiable boundary (140) comprises an identifying color 
marking (142). 

7. The apparatus of claim 1, wherein the surface further 
comprises a surface center alignment feature. 

8. The apparatus of claim 7, wherein: 
the hydrophilic portion further comprises a peripheral 

boundary and a center circumscribed by the peripheral 
boundary, and 

the Surface center alignment feature is concentric with the 
center of the hydrophilic portion and at least partially 
surrounds the peripheral boundary of the hydrophilic 
portion. 

9. The apparatus of claim 8, wherein the surface center 
alignment feature is spaced away from the peripheral bound 
ary of the hydrophilic portion. 

10. The apparatus of claim 7, wherein the surface further 
comprises a surface directional alignment feature. 

11. The apparatus of claim 10, wherein the surface direc 
tional alignment feature is at least partially coextensive with 
the Surface center alignment feature. 

12. The apparatus of claim 10, wherein: 
the hydrophilic portion further comprises a center, and 
the surface directional alignment feature is outward of the 

surface center alignment feature relative to the center of 
the hydrophilic portion. 

13. The apparatus of claim 10, wherein: 
the Surface directional alignment feature comprises a 

plurality of Surface directing projections, and 
corresponding dimensions of at least one surface directing 

projection of the plurality of Surface directing projec 
tions and at least one other Surface directing projection 
of the plurality of Surface directing projections are 
different. 

14. The apparatus of claim 10, wherein: 
the Surface directional alignment feature comprises a 

plurality of Surface directing projections, and 
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corresponding dimensions of all Surface directing projec 

tions of the plurality of Surface directing projections are 
different. 

15. The apparatus of claim 10, wherein: 
the Surface directional alignment feature comprises a 

plurality of Surface directing depressions, and 
corresponding dimensions of at least one surface directing 

depression of the plurality of Surface directing depres 
sions and at least one other Surface directing depression 
of the plurality of Surface directing depressions are 
different. 

16. The apparatus of claim 10, wherein: 
the Surface directional alignment feature comprises a 

plurality of Surface directing depressions, and 
corresponding dimensions of all Surface directing depres 

sions of the plurality of Surface directing depressions 
are different. 

17. The apparatus of claim 1, wherein: 
the surface further comprises additional hydrophilic por 

tions, and 
the hydrophilic portion and the additional hydrophilic 

portions form an arrangement of hydrophilic portions. 
18. The apparatus of claim 17, wherein hydrophilic por 

tions of the arrangement of hydrophilic portions are evenly 
spaced away from each other. 

19. The apparatus of claim 17, wherein: 
the surface further includes at least one of a plurality of 

identifying features, a plurality of Surface center align 
ment features, or a plurality of Surface directional 
alignment features, and 

each of the hydrophilic portions is associated with at least 
one of an identifying feature of the plurality of identi 
fying features, a Surface center alignment feature of the 
plurality of Surface center alignment features, or a 
surface directional alignment feature of the plurality of 
Surface directional alignment features. 

20. The apparatus of claim 1, further comprising: 
means for detecting a reflected non-destructive electro 

magnetic beam; and 
an optical guide selectively optically coupled with the 

means for generating the incident non-destructive elec 
tromagnetic beam and the means for detecting the 
reflected non-destructive electromagnetic beam, 

wherein the optical guide is selectively positioned in 
contact with the Surface adjacent the hydrophilic por 
tion. 

21. The apparatus of claim 20, wherein: 
the optical guide selectively directs the incident non 

destructive electromagnetic beam at the hydrophilic 
portion at a non-Zero incidence angle, and 

the optical guide receives the reflected non-destructive 
electromagnetic beam at a non-zero reflective angle. 

22. The apparatus of claim 21, wherein the incidence 
angle and the reflective angle are between 5 degrees and 20 
degrees. 

23. The apparatus of claim 20, wherein the optical guide 
comprises: 

a housing comprising an interface Surface; and 
a lens inside the housing. 
24. The apparatus of claim 23, wherein: 
the Surface further comprises a Surface center alignment 

feature, and 
the interface Surface comprises an interface center align 

ment feature corresponding to the Surface center align 
ment feature. 
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25. The apparatus of claim 24, wherein: 
the hydrophilic portion further comprises a peripheral 

boundary and a center circumscribed by the peripheral 
boundary, 

the surface center alignment feature is concentric with the 
center of the hydrophilic portion and at least partially 
surrounds the peripheral boundary of the hydrophilic 
portion, 

the interface center alignment feature is alignable with the 
surface center alignment feature. 

26. The apparatus of claim 24, wherein: 
the Surface further comprises a surface directional align 

ment feature, and 
the interface surface further comprises an interface direc 

tional alignment feature corresponding to the surface 
directional alignment feature. 

27. The apparatus of claim 26, wherein: 
the surface directional alignment feature comprises at 

least one of: 
at least one surface directing projection; 
at least one surface directing depression; or 
at least one surface directing color marking, and 
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the interface directional alignment feature comprises at 

least one of: 
at least one interface directing projection alignable with 

the at least one surface directing depression; 
at least one interface directing depression alignable 

with the at least one surface directing projection; or 
at least one interface directing color marking alignable 

with the at least one surface directing color marking. 
28. The apparatus (100) of claim 1, wherein: 
the dimension (110), in plan view, of the hydrophilic 

portion (108) of the surface (104) is at least 5 milli 
meters, 

the hydrophobic substrate (132) comprises a thickness 
(240) of at most 50 nanometers, and 

when the incident non-destructive electromagnetic beam 
(114), having an incident angle (192) of at most 20 
degrees relative to the hydrophilic portion (108) of the 
surface (104), is directed at the center (148) of the 
hydrophilic portion (108), the incident non-destructive 
electromagnetic bean (114) is not obstructed by the 
hydrophobic portion (106) of the surface (104). 


